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f”,nnmir Correlation

T~. , ~~~~ ~ Lu~

A Unte on the l ynn,nlc Correlation Coefficient

In a recent review , Kenny ( J 9 1 ’ ~) noted tI.at the iti.l1 hypothesis for the

c ross—lagged panel c ” r r e l n t  ton tiesirn Is k~’ur Iour.ness . ihat Is , because the

cross-lagged panel correlation design tines not attemp t to include all possible

causal or exp l anat (~rv variahle . . there is the po ssib ility that the relation-

ships , and rati’.~ l in f e r e n c e ~, , provided by the design may have been produced by

an uncontrolled third (or more) variable(s). As a ~~ r t i a l  test for spurious-

ness in this situatio n , Vrootn (1966) recommended the tu; ’ of the dynamic corre-

lation coefficient. The dynamic cor re lat ior  is obta ined  by c o r r e l a t i n g

difference scores between two variables , each measured at two points in time

P (i.e., X2 
— is correlated with Y~, — Y1, where th e subsc r ipt refers to the

time of measurement). Although Vroom noted specific ally that “dynamic correla-

tions are inc.onclusive with respect to the direction of causality and mai .~J.!2.
P be spurious” (Vroom , 1966, p. ~7; Italics added), he nevertheless built a case

that the dynamic correlation has a lower 11I’elihnod of be ing  spurious than a

static correlation (p. 57). The Inference based on Vroom ’s paper ir , therefore ,

P that while the dynamic correlation In not a conclusive t en t  fo r  spuriousness ,

it is nonetheless a partial test and its calculation provides additional

salient information for the interpretation of results of a cross—lagged panel

co rr elation stud y (othe rw ise , there would he no reason to calculate it).

It has common practice in the industrial and organizational psych-

ology llteraLu~ ~ report dynamic correlations in cross—lagged panel correla-

tion studies. Unfortunat ely, whi le  authors have typically noted that the

cross—lagged panel correlation design is not a conclusive test of causality ,

several investigators hnve not been as circumspect as Vroom with respect to the

- ~~~~~



t v , , ~, r i t r  Correlation

I

i n t e r p r e t a t i o n  of t h e  ( I V I I .1 VTII C co! r ej n t i ( l : I  ( r i .  I a w ) e r , P ) C R  f o r  an e x c ep t i o n ) .

In f a c t , a numb er  of au thors  have I n f e r r e d  or st a t e d  d i r e c t l y  t h a t  the dynamic

co r r e l at  ion pr ~~v I dod a ba ’r ’ , or .it he v e ry  l eas t  a ~.t ronger base than the

s t a t i c  co r r e l a t i o n , f o r  c a us a l  i n f e ren ce . For  ex a m p l e :

1! the  dvn vn l r  c o r r e l a t  in n  I n  s i g n i f i c a n t , t h e r e  I s  .1 st rong 1n’H ~

cation that the t v n  variable s t i nder  Investi gation are cau sa l ly

rel .ir ,d (~‘til e’~, l~~15 , p. 1)6).

These a r g u r t n t s  led t o  .1 p l a u s I b l e  s t r a t e gy  fo r  u s ing  l o n g i t u d i n a l

correlatic ’nal data to draw inferences about causalit y in t h i s  s t u d y :

F i r s t , c hoc k  t h e  s t a t  Jr  c or r e l at i o n s , r 
~ 

and r 
~ ~~~, 

• I f t h e y

are p o r l t i v e  (or n e g at i v e ) ,  then check t h e  t4 yn a m i r  c o r r e l a t i o n  

if I t  too Is p o s i t i v e  (or n e g a t i v e ) ,  t h e n  i n f e r  a ca,~ ;al r e l a t  ion

between x and ~ (Toni , Hu n t e r , Chenser ~ T ar t e r , $. Carrol , 1976 , p.

278 ) .

Given a pattern of cross—lagged correlations showing, for exam-

ple , that subordinate performance causes Init iat ing structure , a

large, highly significant , dynamic correlation would strongly support

the case fo r  c a u s a l i t y  (Greene , 1975, p. 189). lIt should be noted

t h a t  Green emp l o yed a mo re meani ng fu l  test for  cross—lagged correla-

tion d i f f e r e n c e s  than is typic r l ly  f ound in the l i t e r at u r e l ,

If the d ynamic  co r r e l a t i ons  are si g n i f i c a n t  I t  is unlikely that

an exogenoul ; v n r i n h l e  caused any observed re la t ionsh ips  between

satisfaction and performance (Sheridan & Slocum , 1975 , p. 163).

It is the ob jec t ive  of this paper to point out that , given a condition of

spuriousness In a cross—lagged panel correlation design , the dynamic correlation

t _ , 

_ _

—



I )yn amle  Co r r e lat i o n

6

wi l l  Incr ea se , not deer ‘ ns r , .i~; a i u n c t i o n  of h i t  t e a ser ;  l i i  spur iousness . That

is , the dynamic cor rein t ion covar ion positivel y with sp’irlotisness . G1~ ei; thin

condition , not only shoul il t h e  dy n a m i c  c or r e l a t i o n  ,i’i be employed to make

ca’n~al in f er en ce s  su ch as t h e  ;rho v i  ( I . e .  , the t rue ~~~~~~~~~~~ of events migh t  be

di r e c t ly  opposi te  of those cui~ ger;t ed by the  dynamic correlation), but also that

t he  dynamic  c o r r e l a t i o n  Is  not even a p . ir t l a l  t e s t  of c p u ir i o u s n e ss  an suggested

by V room ( i . e . ,  in a c o n d i t i o n  of spu r iou sness  the p o i n t  i~ not whethe r  the

d y namic cor r e l at i e n  may be sp u r iou s , r a t her  the  p o i n t  Is t h a t  i t  w i l l  alway s

be spu r ious) .  Thus , even though  Vroom j r ovided (a l i t !  i i~ aga ins t  ove r in te rp re —

ting the dynamic correlat ion (i.e., attributing causality) , the simple Fact of

t h e  m a t t e r is tha t  al !y in t e r p r e t a t i o n  of the dynamic correlation , rega rd less of

lw’w q u a l i f i e d , m i g ht not only hi’ Jn c or r e~ t but  d i r e c t l y con t r a r y  to the t rue

state of affairs.

The object ive of the  paper is pursued by f i r s t  n o t i n g  the condition of

spurious’ness graphic ally and then proceeding to al gebraic derivations. As dis-

cussed by Kenny ( l9 7 ~~, p. 889), the null hypothesis of npuriousne~ s for  the

cross—lagged panel correlati on design is presented In h i g u r e  1. ihe f i gu re

p connotes that the “chief alter n ativ e explanation of any causal  e f f e c t ” in the

c ross—lagged panel  design is spuriousness , where the r e l a t ionsh i ps between

and ‘
~~~ 

a re due to an unmeasured third variable and not to a causal relationship

p between and Y (t refers to t ime of measurement). That is, Z 1 causes

and Y 1 sim u l t a n e ou s l y ,  and causes X , and simultaneously. Furthermore ,

Is the cause for  
~2 ’ and i t  is expected t h a t  Z changes from time I to time

2 (and t itus both X and Y change) .

I

______________ -— -— ~~~~~ .—— -—

~~~~~ 
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Dyna m i c Correlation

S

Insert Figure 1 nbout here

If the cond i t ion  of npur iouu ;n ess  represented In Figure 1 is considered

operable , then it would  be expected tha t the  dynamic  correlation would be of

minimal magni tude  I f  In fac t i t  Is a test  of sp ur iousnt ~~s . That t h i s  is not

the case is shown ty the  F o l lowing  derivation , In which the conditions repre-

sented in Fi gure 1 and the dynamic correlation are viewed from the perspective

of causal , or structural , equa tions. Because a theoretical perspective has

been employed , it was assumed that the random variables X~ , ‘1~’ and Z~ were

perfectly reliable and that the derivation was based on a population . It was

also assumed tha t  the random v a r i a b l es were based on at least interva l scales

and were measured at the  same point in t i m e  for  each of  two waves of measurement

(i.e., •ynchronicity), and that the measurement interval corresponded to the

causal in terval .

The equation for  the dynamic correlat ion (r dC ) may he viewed, In standard

score form , as follows

r
dC —-  .__

~~~ ~~ ~~~~~~~ 

— ____

~~j j l/2 L ’ 2 J 1/2 (1)

where lower—case letters refer to standard scores.

It Is now possible to construc t structural equations for each of the

endogenous (dependent) variables (i.e., x~ , ~~ 
based on the exogenous causal

~~~~~~~~~~~~~ : — -  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —~--- —
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var iab les  z~ (c o r r e c t  t e r m i n o l o gy  would  r e q u i r e  t he  t e r ~” lagged endogenous

and lagged e,~ngenouIs f or  the  t I variab les (cf. Johnston , 1972)). The struc—

p trira l equations are (In s ta n d ar d  f o r m )

4~ 7~~ + - P 1 7~ 4

- + — P2 ~~ , +

where ~~, 
~~~ !~‘ and P, are causal , or 6t r %l rt ur a l , pa rame te r s  (in  ‘he

form of s t a n dar d i z e d  r eg ress ion  w e i g h t s ),  and the  are  e r ro r  or d1~~t u r —

p bance term s, each d i s t r i b u t e d  N (0 , r ).

The following assumptions were made w i t h  respec t  to t h e  structura l equa—

t i o n s :  (a )  the  causal  e f f e c ts are si g n i f i c a n t  and l i n e a r ;  (h )  the exogenous

variables are uncorrelated with t he  disturbance ternis In the probability limit

(which connotes that the  exogenous v a r iab l e s  are asymptotically consistent

estimators of the  endogenotis vnrlahles and that any other causal variable not

P included as a rred!ctor In t h e  equations Is not causally connected to the exo-

genous variables): (c) the d i st u r b an c e  t e r m s  are uncorrelated in the probability

limi t , whi ch includes a l ack  of serial correlation among the disturbance terms :

and (d) the endogcnous variables are not causes for the exogenous variables.

Assumptions (b) and (c) imply that the z
t 
are the major , and only, nonrandom

causes for x~ and ‘
~~ 

at the time of measurement and thus  the error term s consist

P of only “unstable , random shocks” (cf. James 6 Si n g h u , Note I ) .

A final Important a s s u m p t ion  Is t h a t  the en u r u a l  model Is  p e r f e c t l y

s t a t i o n a r y ,  w h i c h  means tb n t  the  st r u e t u r n i  equa t ions  f or  x~ and ore

P Invariant wit h respect to time (Kenny, 1915; Plndyck & R u h l n f e l d , 1976 ) .  Given

t h i r ,  a s s u m p t i on , i t  is possib le  to  set the s t r u c t u r a l  pa ramete r s  for each

— H
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endogenous vat table eqti.ii t o  one an othe r f o r  d t f f e r t . n t  waves  oh m e n S u t e m en t

(i . e . , 
~ l — 

~2 ’ ~ 
F ) .  and t hiss the  subscri pts for thu str’u t ’~ral parameters

ma y  be deleted. It mIgh t he noted that some form of stat iotia rity assumption

Is r e qu i red h e f o r .  a r * ; ~~- la , ged pane l c o r r e l a t  I on  de’; I~~n can h e  ewployed ,

a l though  the  des ign  need not a ch i ev e  r or fec t  s t a t i n n a r i t y  (Kenny,  197 5) .

Based on t h u  i i hov r  a s s um p t  i ons , t h e  d y n a m ic c ’rre I n t  Ion  can now be

expressed  in tr ’r rm: .  of t e l n t . 1 o m ~ h i ps .~unen~ the  t r u c t i s r a l  equa t ions  b y replacing

each endogenous ‘:arfoblr’ with its u spectlve structura l equation . Equation 1

now becomes

2 ( [ (~~~~z 2 4 e ~~) - ( f  1~ + .
~)~ ((R 7, + e ,)- (t ~~7~

_
4e 2)J)

1/7 1/2

f ( 3 ) — (
~ z~ + O

i
)) ) 

(
~ 

( ( P  Z~~ + 04) ~ 
~i + e2)~~~~ 

(2)

By conducting the required algebraic man i pulations , where all products

with a nonsquarcd disturbance term arc equal to zero in s,i,rnmation , and collec-

ting like terms, equation 2 may be expressed as

2$ B (1 — r
~~~~

) (3)
r — 2 1  

_ _ _ _ _ _ _ _ _dc

2 2 1/2 
2 2 2 1/2

( 2~
2 (l — r  ) + c e + o ~ ) [2 ~ ( l — r  ) + o  + oz2z1 3 

_ _ _  

e2 e4

Equat ion 3 may be f u r t h er  reduced by no t ing  tha t  a 2 - ~
, 

2 
• — j ,  and

0
e

2 — 0e1

2 — 1 — (based on the assumption of p e r f e c t  stationarity and the

use of standard scores). Thus, equation 3 becomes

_ _ _ _  - —— 
~~~~~~~~~~~~~~~~~ TEE TT~~



I)~ , ’nmi . -  (nr relatln,s

B

+ ç (1 r 7 7
- 1 “4r —dc

1 7 1/2
( ( I  — + r ) ( I — r ) I

_ j I

F i n a l l y ,  t he  ct r u c t m m r a l  p a t a n h i t e r s  ~ and F can be cxpre~;si d as corrolation

coe f tic tents r and r , r e l p o e t  I v. ly, because the  causal  . q ’ l . m t  ions are In

standardi zed torn and I ncl ude o n l y  ~~no exogenous variab le, It should also be

r o t  ed that r r - - r , and t h a t  r r — r because of theY 1 1  x 7 ,  
~
‘1 1  ‘‘~ 2

assumption of perfec t stat inn arlty. Furthermore 1 r , is also a structur al
2~ l

parameter. Thus , equation 6 becomes

(r ~~ r~~7 ) ( 1 — r 7,, 1
) ( 5)

[(1  - r 2 
~ ) (1 - 2 

~~~ 2 i  
~~

Prior to discussing several Interesting properties of equation 5, some of

the special contingencies emp loyed In Its development ru is t  he emph asized , and

it Is most important to note that this Is an equation for the dynamic correla-

tion only when these special contingencies are operable. Of first concern are

the contingencies that 
~~~~ 

is the cause for and some change takes place in z

between time 1 and time 2. in general , a change in z over time connotes a

change in rank-order among subjects and thus r would not be expected to

equa l 1.0 (ef. McNQmar, 1969). On the other hand , because z 1 is the cause for

~2 ’ r~~27 would be expected to he of at least moderate magnitude (e.g.,

1.00 > r .50 as arbitrary estimates , where .50 was selected because

a t t r i b u t i n g  more t h a n  7’~~ of the variance to random shocks rather strains

_ _ _ _ _ _-- - - - _ _ _—
~~.

- —-----— — -- -‘--- 
—--
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the  c r e d i b i l i t y  of c . iunal  I n t e r p r . t a t i t n ) .  Thus , ~. have i t l . d  out the cond i-

t i on s  where r _ .. — 1.0 , in  wh i c h  case ° , and r , ~ • 5() ( i n c lud ing
J I

— 0, wh.’r. ~ ‘ ‘iId then he equal to r xz r 7). Second , t he cont ingenc i e s

.- r n p l o v . i t e  c e t m s t r , s c  t i i ’  ~ ‘sc ’  ora l o q m - a t  b its icr  
~ 

and v
~ 

pre sumed t h a t  a

—ou d i t  ion  of spur  iou m ne ’.’ d i d  iii I a m exist , w h o m . ’  ~ as I..~ on l y cause I or

and  v 1, a , miI  z , m.’as he on l y :0,’: , f or ~~~, anti ~ 2 •  These • i m m i  In g en c ie s  r u l e

out  t he  possi  hi l i t  v of “s, I f  — c a s i s a t  ion ” (e .v • , x 1 I s  a m i m e f o r  :~) and “cross—

l agg ed  r . l u sa t  ion ” (o . r~. . x 1 is a cause f o r  y i )  , and p r o v I d e d  the h i s  is  f o r

s t  I p i t l i t  lu g  t h a t  t i m e  d i s t is  l a m e t e r m r s c o n ta i n e d  o n l y  random shocks and were

, , n r n r y o  l a t e t i  In  fbi’ I i r i  . Fits’s I ly ,  In  con j u n c t  I i , ,  ~ I tb  t h e  It! ; s m I r r t  In n  of

perfect stat i c r i a r  I t  y ,  t I m e  o t s t  I n ~ . r m i c y  of spur lo i t s i s eo c  f o m m m o - ’ t  i s  t h a t  r ( o r  4 )

and that r~~, (rr t )  s h i m I d  h. f at least moderate magnitud e (e.g. , r~ 7 > .50,

> .50 , wh I r l  a r  .,c~; 1 n  arbitrary limit s ).

The above c o n t i n g en c i e s  s i m p l y  reprebent the assumptions that were

required to formulat e t h e  str’P ( t mIral equations for t h e  condition of spurious—

ness pr .snte d in Fi~ m i re I. i f  the se  assumpt ions  a re  i s . n t e d  is  given , then

it i~ pos~ ibl. t o  vi.’~ the behavIor of the dynamic correlation for arbitrarily

chosen valises of 
~~~~~ 

1
X 7 ’ and r~ 7. as shown in Table 1. in prepar ing this

tabl e, the values of rxz and ~~~ 
were set equal to one another in most cases

simp ly for computational ease ; however , examples of differing magnitudes were

also included. Also , only positive correlations were addressed ; a negative

r -, i~. extr em ely mm n hl k l y, a negative r or r would change only the sign
~2’ 1

of r
~j~ 

hut not t h e general t h i r m i n t  of the conc lus ions  be low , and nega tive  ~~~

and r~~~ would  have no effect on the sign of r~~

_ _ _  
- ~~~~— — -  - -—.~~~~~-~~~~~~~~~~~~~~~~— ~~~~~~~~~~~~~~ -.— - -~~~-~—~~~~~~~-~~~~~~
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f l a t -  Jr I i~~( t t  bie r

p —

Th r e e  1) 0 ! :  m q  a r ’  r f  i n t r m ,~~i in v i - —- i w ~ T,’ Jr’ I , F i r s t , a rendItion of

perfect spis rinissitocs , Indicam ’ t’v r~ r~ .. I • flfl , w i l l  alw ay s lead t o  a dynam i c

P c o r r e l a t i o n  of l ,O() ac l ong ac ~ 
~
•
l ~ l .’lO , lIme r : r l r , i a I e  f o r  thi s result is

ct r ai s!t forw ird : tine Is in . rcs ,Ire cc ’rr-lati ,:i- z~ — ‘

~~ 
v itis l i s t - I l  (this also

c l a r i f i e s  ‘*hv  a t  l e a s t  some rht •-’sugi in rmm~ —o r der  r u i c t  occur between time I and

time ?) .  Second , fo r a g iven l eve l  of r ..
2~~1

, t h e  dy n a m i c  rorrc’l:t t io n Increases

:10 thr dv~ rre sj ’ i mr l r o i c u e s s  In c  reases . Thus, the dyn amic c o r r e l a t i o n  Is

posit i ’e ly  tel ated s p u r i o u s n e ss , where  i t  ha ’; J~. c n  ., ‘~ c c I m i ’ f ! t h a t  an inverse

relationshI p -~~ I’; t ed (I • • , a h i gh dynamic rem . Ini I on Imp lie d a I ar~ of

s p u r i o u s n es s ) ,  The r a t i o n a l e  f o r  this result is also rather straightforward .

The h ighe r  the r e l a t i o n sh i p bi ’twet ’n 
~~~~ 

an -i  bo th  and (where  a l l  t are

e q u a l) ,  then t h e  h i g h e r  w i l l  be the correlations between i , — and both

— x 1 an(I v , — v 1. As those correlations 1ncroan.-~ then so should the cot - re—

la l i o n  be tween  — x 1 ~~~ — 
~ 

because of t h e  commo n , u ndo r I  v ing causal

v a r i ab l e . Th i rd , the  r e l a t i o n s h i p b e t w ee n  the  degree of spur iousness , as

r e f l e c t e d  by the product 1-
~~7

r
~ 7. 

and the dynamic c o r r e l a t i o n  v a r i e s  as a func-

tion of r . That is , a l though 
~~ 

will attain hi gh va l ues only in the
- -

~ presence of h I g h  degrees  of s p u r i o u s n es s , the  h i g h  valises of will be

achieved more quickl y (i.e., for lowe r values of 
~~~~~~ 

for lower values of

r . Nevertheless , t h i s  does nrt detract from the fact that T d Is posi—72?1 C

!vely reinteti to spuriousness given the aforementioned conditions,

I: - 
~~~~~~

-

- - _ _  - - 
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I I

it shout  id 1 i -  no t ed  t h a t  si v u - ~~.i 1 (‘1 1 h it ’ no  .;uIrI t I en’; made In t h e  i tO i i  Va t  ton

(e . g . , per  I u’c t r e l f  .,l~ I l l  t v )  won lii not hi ’ eu t I n  most  i - v - i -  I r I c a l s t t i d i e s  . More—

ov er • a nmiv , bu ’r  of I he n c s m s m p t  i n n s  a r c , ,  l i t  ed w i t h  the t i r e  of the st inc turn !

equ:  -~ ( b u s  • I n c  I mmd I t ig  r f o r t  o f  at  to r i ; ,  r i t  y rath er than pr  opo r t tonal or quits I —

s t a t i o n a r i ty  (~ n o v . 1 9 1 S)  and ‘mmm c cii ~‘1.it~ d dis tmitha nc e term s , would not be

m a n d a t o r y  f or  t h e  c o m p u t a t i o n  of a d n•,mic co r iela ~ ion . Nonetheless , the

dy n a m i c  c o t r e l a t  Ion de ,-~ I m p l y  an und erlying str mn tu ral equ ation model because

It a t t e r - p t s  to a t t tt h n t e , or at least to Infer , raunal relationshi ps (but not

d i r e c t i o n )  to  variables . I - ’ i r t h e r ,n e r c , the extent to whIrls the assumptions are

met w ou l d  I n f l u e n c e  the niagnltnde of the dynamic correlation , and increase the

prob ability of an Incorrec t conclusion regarding spuriousness if’ time original

Interpr etati on of the  stat i ’ t lc - wore employed .

In conclusl (’n , two recommendations are offered. First , the dynamic corre-

lation should not be emp loyed as even a partial test. of spuriousness. Second ,

the most meaning ful procedure for studying spuriousness is to Identify the

o m i t t e d  c au sa l  v a r i a b l e s  t h a t  are c re at i n g  the  spuiriomi susess and to include such

v a r i a b l e s  In  a n a l y ses , or p r o v i d e  controls for t hem.  The latter procedure ,

control , can he achieved by randomization and exper 4’-entation , while the former

procedure , inclusion In analysis , can best be achieved from the standpoint of

causal explanation by the use of structural ec4jatlon models (ef. Christ , 1966;

Duncan , 1975; Heise , 1975; Johnston , 1972; Namboodiri , Carter , £. Blalock , 1975;

Pindyck E, Rubinfeld , 1976; mcii, 1971). Structural equation models might be

of particular interest to applied psychologists because they are applicable to

data obtained in natural settings and can be employed to address such problems

an reci procal causation end random measuremen t error , as well as dynam ic

_ _ _  - - -— --- ~~~~~~~— - —-— -- - ----- —
~~~~~~~- —--
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I - )
p

i n te r r e l a t l on s h s i ps (ci . James 6 Sln gh , Note 1). In e f f o r t , it Is perhaps time

to move from intermediary causal designs such as cross—J ngp,ect panel correlation

(cf. Kenny, 1915) and proceed to think In terms of the more holistic theoretical

sy stems , and competing causal hypotheses , required by time use of structural

equation models.

p

p

1’

- 

-
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Figure Captions

Figure 1. Cross-1ngr~ed p ane l  correlation n u ll by p r ,t h e~i I s . (X , ?, and Z are

variables and I rind 2 are t im e s )  (From “Cross— L.ig~ ed Pane l Corre—

L it t o n : A 1t~~t m i  Sp u r i o u sn e s s ” by 0. A.  F en n y ,  ~~~~~~~~~~~~~~~

D i i i  l i t  t i m , J~) 7 5 , ~~~ 037—903 . Coprtgh t 1974 by the American

Psycho1o~ Ica1 A ;~;ne1 .ition. Pcprlnted by p erm h ;s i o n ) .
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